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SIMPLIFIED PILOT USAGE OF LF/VIF
SYSTEM OF NAVIGATION USING
"BROADCAST CONTROL"™ CONCEPTS

INTRODUCTION

Some momentum toward the use of LF/VLIF techniques for
aircraft navigation and traffic control is now evident. The recent
(Nov. 9-11, 1971) Omega Conference (Reference 9) held by the Institute
of Navigation (ION) in Washington, D.C., saw some 400 experts assemble
and present papers on nearly every aspect of the Omega system. Three
significant LF/VLF aviation possibilities exist: (1) use of Worldwide
(WW) Omega; (2) use of an "Omega-like" system optimized for aviation
use in the 48 contiguous states; (3) a '"mix" use of (a) WW Omega
and VOR, (b) U.S. Omega and VOR, and (c¢) U.S./WW Omega. Fortunately
at very low cost these possibilities can all be tested with the current
plans for WW Omega.

WW Omega is an 8-station complex that serves the air and
surface regions of the entire world with at least three Lines Of
Position (LOP's) everywhere. By using three frequencies the diurnal
and other LOP shifts are greatly reduced by heterédyne methods, such
as "Ccuposite" Omega, extensively tested by J. A. Pierce of Harvard
University. The technical papers from the conference and hundreds
of previous publications suggest that the Low Frequency navigation
has a great deal to offer aviation users.

navigation

It was reported that Russia has introduced an IF/system of
its own operating near the 10.2 and 15.6 kHz frequencies of Omega
(Reference 1). A previous study (References 2 and 3) has suggested
a similar move by the United States of America wherein the 48 contig-
uous states would be served by a 4-station net (or "chain"), giving

several improvements over WW Omega--primarily cost reductions and
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freedom of international political changes since only 2 of the 8
Omega stations are on U.S. soil (North Dakota and Hawaii). However,
it was reported by the U.S. Coast Guard (and other national autho-
rities) that Omega would be fully operational with greatly improved,
new, high-powered stations by early in 1974. The detailed pictures
showing the construction status of the Japanese station added consid-
erable credibility to this schedule.

Because of other trends (reference 12), general aviation
may be the first large aviation user of WW Omega signals. The possi-
bility of a supplemental VLF system for the United States does not
imply that WW Onega will not be adequate, but that for many reasons
this useful experience will undoubtedly lead to a U.S. national L@/VLJZ
system such as the Russian reports indicate became desirable to cover
several unequipped parts of the nation and to optimize signal levels,
etc. The Canadians are also very interested in such ideas as only
the most southerly portion of Canada has VORTAC airways. The majority
of Canadian alirspace is too thinly populated with air traffic to
werrent any expansion. Because VORTAC is too costly for large regions
of coverage, such as, say, an area 2,000 by 3,000 miles, aviation's
hope must rest with these techniques of IF/VLF navigation and traffic

control.

WORLDWIDE VS LOCALIZED OMEGA

Currently so much attention is focused on the enthusiasm
for the worldwide use of Omega as the first radio and only navigation
systen to be readily available anywhere. Often the problems associated
with this global use are carried to general aviation, and many suggest

Omega receiving techniques and navigation techniques will be too
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complicated for the general aviation pilot, adding too much workload,
control settings, etc. This need not be so with good design of a
ilow-cost geﬁeral aviation receiver. Since the pilot workload using
VLF navigation applied to general aviation is of concern to many pri-
vate end government authorities, it needs some examination.

We will start with the simplest use, only in the US/NAS
system, and only use by general aviation. Here we deal primarily
with the single engine, light plane owner, who operates over short
distances and into remote fields; his aircraft is not pressurized so
it 1s operated below, say, about 10,000 feet. The only fair measure
of pilot workload to be made is by the comparison of ILF/VLF usage
with The usage of existing VORTAC system.

The goal is to provide the same equivalence of data To tae

pilcc. With VORTAC we deal with many separate systems that have char-
acteristic VAF limitations. For example, at critical low altitudes

of inverest to general aviation, the line-of-sight coverage of VORTAC
is zoout 10 to 50 N. miles. This service area depends upon intervening

terrein, which in many instances limits the low altitude coverage to

considerably less.With trends of "keep them high" (Reference 10) in

b

AA terminal areas, the airlines tend to stay about 4,000 to 5,000
feet, léaving general aviation between about 1,000 and 3,000 feet--
a current trend toward vertical segregation.

It seems equitable to both systems if we now compare the
use of Cmega or LF/VLF navigation to VORTAC on the basis of, say, a
100 by 100 mile square. A falr assessment can then be made of a gen-
eral aviation pilot's workload, and other problems that may be related.

To begin with, both systems are "differential" in their use

by the general aviation pilot operating the light single aircraft.
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"Differential" means that he must tune to locally referenced navigational
signals to obtain enough information to use the coordinates. If it

is a case of VOR-only usage, the pilot must know approximately where

he is located first in order to tune to the right VHF channel as mosty

the nation's VOR signals will be beyond his immediate line-df—sight.

()

o)

Once he tunes the VOR station "in" by assuming its approximate location
in its selection using the radio frequency as the "station—identifiergﬁ
he must assure himself that the channel selector or his operation of
the dials did not select the wrong channel or the wrong VOR station.
Occasionally channels may even be shifted by the FAA. This assurance
of the local reference is accomplished by listening to the audio out-
nut of the VOR (be it a voice or Morse code). The identity of the VOR
s then established, and the chart establishes the expected VOR diffe-

|

rential signal.

Next our subject pilot (using the VOR-only system) must
select or measure the radial he is actually on by turning the course
selector knob. When the course deviation indicator (CDI) needle
passes through zero on the analog, right/left deviation indicator,
the course (or its reciprocal) is then evident. A "to-from" indica-
tion resolving direct or reciprocal bearings must be observed by the
pilot before he can bracket and fly the radial. He may desire another
radial rather than the one he is on, so must select this also.

Not knowing his exact distance from the VOR (without DME),
he must now obtain some "cross-fixing" data, such as tuning to another
VOR steation to obtain an approximation of his location on the VOR-
redial-L0P emanating from the ground position of the selected VOR

station. With these several manual operations by the pilot while
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in flight, and while continuously referencing the OBI and CDI to a
charv, it is then possible to fly along the radial to or from the
station, toward some destination. Destinations are seldom VOR stations,
so varying the selected radial when passing over the station is common-
plece.

If the destination is near the signal limits of the first
VOR, it will then be necessary to select another VOR station going
through most of the same procedures (cockpit workload) as noted above.
To proceed requires continuous selection of various factors as the
VOR LOP's are traversed. It is likely that the two radials from the
two adjacent VOR stations that would align themselves to make a con-
tinuwous path indiqation (CDI at zero) will not align smoothly with
one another, since VOR errors of 3 to 4 degrees are common. If one
station emits its radial in error in one direction (+ plus 3°) and the
other station has an error in the opposite direction (- minus 3°), then
the irndicated spatial track could shift by as much as 3 to 4 miles
(say 40 miles from one station and 30 miles from the other). This is
disconcerting to the pilot and emphasizes the discontinuocus nature of
VOR signals and the difficulty of using them in a single-pilot, single-
engine aircraft where all the cockpit workload is concentrated on a
single person rather than shared as in most airline operations.

With no basic master plan for VOR stations that is easily
remembered by a pilot and no plan that relates either to adjacent fre-
quencies oi adjacent station locations, the pilot must be continuously
referring to VOR charts to proceed. This is to note that the many
hundreds of VOR stations are not raid out or aligned on any basic
"grid-plan," as, for example; a rectangular grid plan with a VOR at

each crossing of the grid.
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Nor are the radio channels arranged so that consecutive
stations have consecutive frequencies. Random processes seem to have
been exployed in the configuration of the nation's VOR system.
Consecuently, the pilot must fly a series of VOR legs (or radials)
Thet wander in the general direction of his destination but may vary
in neading by tens of degrees from one VOR radial to the next VOR
rac¢ial because of the local terrain, airway restrictions, etc., but
mostly beccuse of the random siting of VOR stations and the inability
of the pilot to use some simple mental processes or rules for prevent-
ing this high workload. VOR and VORTAC are most complex systems %o
use and create many pilot restraints. The VOR or VORTAC cockpit
workload i1s unnecessarily high.

The addition of DME to VOR helps in some respects but com~
plicates the combined use in other respects, since the DME signals
must elso be identified, and the pilot must assure himsel? thas the
DME is from the same origin as the VOR. Fortunately, "cross-—
cnannclization" tie the two together. ' DME coverage is not always
consistent with VOR coverage, depending upon the location, terrain,
specific airborne units, VHF and L-band aircraft antenna placement,
etc. Vertical lobes of the ground station are the largest contributor
to the Lack of coincident VOR-DME coverage. L-band has 10 times as
meny deep nulls as VOR in a given vertical angle, etc. Thus, when

1 are essential, the coverage may not overlap. If now the costly

<r
]

felo)

»

irea Nav (R-Nav) computer is added, we further burden the pilot with
all ‘the foregoing workload of VOR~DME usage, but he now must determine
and set in his "way-points" (usually two of them) and fly an “RNAV"

airwvay rather than a radial airwgy. The advantage of R-NAV is that
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at lezst tre origin-destination of the flight plan can be inserted.
Such & flignt might utilize, say, 53 to 4 VOR radials in 3 to 4 diffe-
rent directions to approximate it, but can now be approximated with
2 streight line eliminating the "dog-legs" created by VOR-only type
of track flying. The pilot must, however, continue to change stations
and waypoints, since each VOR creates a new set of waypoints that must
be set in even though the spatial track itself is straight. Thus, less
distence is flown, and better ATC procedures accrue, but R-NAV-VORTAC
workload is still high for our single pilot, general aviation aircraft.
Moreover, the line-of-sight VHF-UHF coverage may now suffer
at lower altitudes since the airway is not to and over the station.
Say tae R-NAV track is 30 miles to the side of the station (closest
tangency is 30 miles), this places the aircraft at the maximum line-
of-sight distance from the VORTAC station sooner than if only a radial
were Iflown. Consequently, more station selections, station identifi-
cations, more setting of waypoints is added workoad. VORTAC - R-NAV,
althougn adding some ATC and direct routing advantages, does add con-

siderzbdle workload to the single pilot flying a light aircraft.

COMPARING VORTAC AND VIF/LF PILOT WORKLOAD

With the LF navigational coordinates of an "Omega-like™

system, there is first no radio channel selection required since the

coordinates are )
eatire nations/ only a single permanent setting for carrier frequen-

cies. All three LF frequencies are used continuously and have equal
throughout the United States

coverage/without vertical lobing or "cones of silence." The I¥ airway

charts must svill be referred to, Jjust as in the VOR case, and the

pilot must initially have an approximate idea of where he is (within

about 72 NM) to set in other data.
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The availability of this _ocatvion is more likely in the

case of LF than VOR since even on the surface the pilot can obtain

a positional measurement onVLF, something usually impossible with VOR.
The VOR signal, if from an off airport station, is too weak, or if
from a VOR on the airport, the signal may be contaminated by_hangar
reflections. IF coordinates on a runway are as useful to the pilot
as at 2,000 feet above the runway, there usually being little change.
in signzl characteristic of VLF navigation. Next, the local "diffe-
rentisl® setting 1s obtained with the same voice transmission that
the pilot must make to obtain the local barometric pressure setting.

Barometric data is essential to either VOR orVLF'navigation during

IFR flight, so the "differential-Omega" data is added to an existing
networiz of data transmission To the pilot. This replaces perhaps
the workload of station identity. The pilot may forgo the differential
/LF'data as he can’achieve the.same results or "zeroing" out diurnal
effects while on the ground prior to takecoff.

The oblique-parallel‘nature of the Omega coordinates should

vide the greatest step toward simplification of pilot workload.

o
O

w

[

‘=g pilot can easily envision his current position in VLF coordinates

because the mental effort is much less. Also more easily detected in
Omega coordinates is the position of his destination, and how he can

get there. Contiguous parallel lines are much simpler than radials

[ b

ron randcz points. Essentially, parallelograms or rectangles are
much easier l"g:camphics“ to envision and to manipulate by the pilot than
raadomly located spherical coordinate systems of VORTAC.

Thus, the pilot now selects his coordinate positions since

he has in Omega, by reception only, the equivalence of both VOR-DME.
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That is to sgy, he has a full set of crossing LOP's everywhere, with
the single selection of the Omega channel for the entire nation--not
1,000 stations with 1,000 locations and 1,000 frequency allocabions.

The differential input of Omega may simply come by the pilot's
reception of Omega while on the ground, and his insertion of the
destination coordinates; or from several local differential signal
scurces while in flight. ATC may also provide this data since the
controller's view of the SSR target and its identity can be conveyed
in Omega coordinates to a pilot. Such an input is good for about an
aour, Several self-correcting differential techniques will probably

be used by The pilots, including voice from VOR sites and the use of

(&)

.

OR and Cmega, one checking or extending the other. The differential
data is i.. terms of one LOP (say an E-W one), and the other LOP (the
second LOP) is a N-S one. He notes the two LOP's which cross at his
destination. By inserting these destination LOP's, the pilot can
takeoif and fly on a straight line to this new location.

If the FAA has specified Omega airways or lanes, he can
follors then directly. They need not be "raw" Omega lanes since
neither of the two crossing IOP's may go in the desired direction.
The compuvation of rectilinear or "oblique-parallel® IOP's is the
simnlest of navigational cemputation.

Importantly, there is no altitude correction needed for
the use of VLF navigation. Individual station elevation is of no
consecuence as it is in VORTAC R-NAV. The lattér difficulty of VORTAC
can pe envisioned 1f a station is, for example, at sea level and the

pilot flies an off-set airway of about 2 miles tangency at 10,000 feet.

The zctual slant range at the point of tangency is about l.4 times
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the desired off-set tangency distance, causing the ailrcraft to fly

a curved track, curving in and then away from the station near the
voint of ¥Tangency. Similar problems exist between adjacent VOR sites
parsiculerly where widely differing elevations exist and high altitude
flight is desired. The spherical coordinates of the two VORTAC sta-
tions must be ofi-set by the tihree elevation values: (1) aircraft,

(2) VOR-A, and (3) VOR-B.

LAWE AMBIGUITIES

| The complaints about lane ambiguities are always raised by
the critics of Omega. With the use of the two VLF frequencies, the
axbiguities are about 24 miles apvart (10.2 and 13.6 kHz create a 3.4
XHz bheserodyne) If the third frequency (11.33 kHz) is used, the
empiguity 1s reduced to 72 miles, yet with little additional cost.

(408 kHz)
A comnon multiplier frequency/exists for all three tones permitting

simple data processing. The fact is that lane ambiguity of Omega

is & »roblem of equal importance to the LOP ambiguities ("to-from™)

of VOR; they are quite similar in operational concept, particularly
when 3 or more consecutive VOR's are considered. Neither LF nor VOR
cnbigulty problems are a serious operational limitation. Certainly
o one avoids the use of VOR because of the 3 to 5 ambiguities that
may e encountered in flying a track that connects a series of radials
of VOR stations. Furthermore, the contiguous nature of Omega does

not allow a lane to be lost--something never experienced by a VOR-

traized pilot,who is accustomed to loss of VOR behind mountains and

e\

beyond line of sight. A
Recall that we are discussing the slow, light, general

aviation usage first. We are not discussing or analyzing pilot work-

load of a 600-knot aircraft, flying on 2,000 to 5,000 mile trips
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wvhere the speed and other matters call for a much more sophisticated
Omega receiver display and pilot controls than we are reviewing here.
Such & study should be conducted, however, its results are more
obvious and its impact on ATC trends less. The successful solution
to general aviation problems will tend to pace such developmernts as
ILF/VLF rather than airline usage, even though the airlines may bene-
fit egually because of their own use of LF/VIF techniques or because
the "dispersion" of air traffic routings reduces the traffic densities
on routings (say to jetports) of greatest interest to the airlines.
VORTAC has been installed mostly for the solution of the latter prob-
lem, vhile general aviétion requires an equivalent low altitude
service to thousands of remote airports away from or below Jjetport
terminal traffic. Remember, we are making a one to one comparison

of Omega and VOR pilot usage within only a 100 X 100 mile square,

as in Figure 2. Of course, the ease of transition to adjacent

100 ¥ 100 mile squares of airspace is equally significant. ZEven
Thougn we use "building blocks" of 100 mile squares in each case,
this is done so that the VOR is given equal treatment on a station-
by-stetion basis with Omega or VIF type systems. All the coverage

at low altitudes for general aviatioﬁ that is expected from VOR

under favorable siting conditions is utilized. Probably in some
locations, a /5-mile square at an altitude of 1,500 feet is more
realistic, reducing the low altitude area by almost 50 percent for
VOR. At a diagonal on the 75-mile square VOR the aircraft would

.still be about 50 miles from the station (see Figure 2 ).
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INFLIGHT WORKLOAD FOR A SINGLE
. GENERATL, AVIATTION PILOT USING
DIFFERENTIAT, OMEGA OR VOR

2TL0T RUNCTION VOR(or VORTAC)SYSTEM

ILF/VIZ"OMEGA-LIXE"SYSTEM

1.*Radio Channel
Selecvion

i

(a)Look up in Chart
1 (b)Turn Knob or Digit
! Selector

hone -~ 3 fixed channels
!for all of U.S.

undlo Monitor by Pilot to

2.%Statlion Identity
"Assure Correct VOR

| None Required as No Erro-
)neous Stations Exist

3.Ambiguity Resolution|Observe "To-From" Indicator

‘Obseer 72-mile Ambiguity
. Indicator

Sét OBI Selector for each
One

4.,Course Line
Selection

;Set I0OP Selector

Must add DME or Retune %o
Another Adjacent VOR and
then back to lst VOR,
Creating High Workload

5.¥"Fixing'on Course
Line vo Obtain
Positiozn

‘Rbcelver Continuously Ob-
'tains 2 or more Crossings
]01 IOP's Automatically.

. Low Workload

R-L, Meter with 20 o 1 Var-
iation in Sensitivity. High!
Load on Pilot

6.*Course Deviation
Fligkt Following

=
R-1L Meter wit:z Constant
Sensitivity. Thus, Low
| Pilot Load

iMust Retune and Repeat 6

7.*5djecent 100X100
. Steps above for Ezch Area

Mile Areaz

}Contlguous Coverage,
No Retuning.
Low Workload

| Adding High Workioad on
ﬁllghts Over 100 Miles
8.Way-Pocint Selection - 'Set Digit Wheel for Each
for "Area-Nav", |Way-point and Add Costly
Parallel Airwaysetc;uBrd Unit to a VOR & DME
{which is an R-NAV Computern
: Equal Workload

Set Digit Wheel Receiver-
Only Creates Simple Coor-
dinates, Voiding Costly
R-0 Computer and DME.

' Boual VWorkload

Can Tune to "VOR-Test"
Signal into Few Large Air-
ports, Otherwise None
About 90% of Time

>
O Pilot Lssurance
Prior o Takeoff

| Full Operational Check
While on Runwey of at leass
2 LOP's Zero Setv Indicatecr

T

to Actual Position

| a.Curved Course Near Sta-
, tion in R-NAV
b.Vertical Nulls in VOR
c.Vertical Nulls in DME
d.Cone of Silence

' e.Lack of Useful Signal at
; Low Altitudes below 700
Feet or Behind Mountains

10.*Altitude Effects

NONE. Works with Nearly
' Vertical LOP Measurements
from Airport Surface to
Over 60,000 Feet

1l.Atmospherics Minimum

More susceptible but can

i be "Engineered" at Low Cost

Out of System Usage with

| Modern Digital Circuitry

* VIF (Ozega's) Cockpit Workload Appears Less Than VOR or VORTAC.
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COLLISICY AVCIDANCE SYSTEMS AND VIF NAVIGATION COORDINATES

i;; recent investigations of several collision av01dance
sysuemgi%%u¢erences 4 and 5) by the Congress of the Unlted States
erphasizes The confusion that exists on this subject. From some
viewpoints there is no such thing as a true collision avoidance
systen. CAS 1s probably a misnomer. This popular term emphagsizes

is poorly conceived.
& desire To avoid collisions but as a technical title of a syscem
We will shortly point out that pilot track following of a universal
navigation system superior to VORTAC is one of the best means to assure
alr-tc-air separation. More importantly, assurance of air separation
from ground obstacles, such as mountains, power lines, irregular ter-
rain, buildings, etc., will reduce fatalities more than air-to-air
tedhniques° Both are needed to protect each aircraft from collisions
with the surface objects or other aircraft. VIF can be used to ald
in both cases because of i’cs.universal9 simple coordinates and low
altitude signal coverag The illusion of some breakthrough golving
the cir collision problem is prompted by some of the admittedly spec-
tacular mid-air collisions occurring during the past 10 to 20 years
or so0ssince the famous Grand Canyon case. Newspaper and magazine

urcs of a broken DC-8 lying in the streets of Brooklyn, the result

o

pict
of a mid-air collision with 100% fatalities, will not soon be forgotten.
Scientific and engineering attacks on preventive means for
vehicles in motion Yo avoid collisions has long been sought in both
rmarine and air navigation. |
The United States' preoccupation with several sophisticated
CASY ecuipments is reviewed by a European expert in a recent journal

(Reference 6). His views may be more objective as a controversy over
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echnicues has arisen in the United States (Refersnces 4 and 11).

ot

I~h

This acuthority notes the "scientifically frustratiag" situation in
aviation that has developed, and he relates them to similar frustra-
tions in the marine world. The following summarizes from this informa-
tive »eper on air-to-alr collisions:

A. No matter how early the threat (air-to-air) is detected, the

angle and range data is so limited it is ilmpossible for the

pilot to make a successful contrivution to avoiding a collision

by using irformation derived from range, relative veloclity, aad
beering angle.
B. TUsing rcnge and elevation (ard their first derivatives) for a

vertlcal maneuver within the existing ATC limits for vertical

]
}

szparation requires altimeter accuracies well ocutside the FAA

4

(

stendards (see DOT ATCAC study on accuracies of barometric alti-
neters, reference 7).
Three-sigma altimeter errors of 620 feet afe estimated for

genersl aviation and nearly 300 feet for air transports (Refereance 7).
Unless a nitional "in-flight"altimeter callibrating system is developed,
assuring no more than about 100-foot errors in terminal area operation,
any CAS system requiring less than the 1,000-foot vertical separation
must first solve the altimeter error problem. Most such CAS systems
"command' the pilot to execute a rapid vertical change of zbout 200
feet, a value much smaller than DOT/FAA reported errors of altimeters.
All altimeters, particularly general aviation, must be considered.

For exemple, two aircraft actually separated (vertically) by 200 feet

(within FAA tolerances) might collide as a result of the 200-foot

vertical neight change commanded by the CAS indicator. In any sysvem

e TrnAaT s e Tin- "0



nziceering involving possible fatalities, the measurement accuracy

[

should excead the operationally desired results by five to ten times.
This would suggest vertical manesuvers of about 1,000 feet would be
commensurave with current altimeters, something completely unaccept-
aole In our national airspace system where the 1,000-foot vertical
_ separation has become standardized.

The following extracts, quoted directly from the author's
paper, further clarify this view:

"For two aircraft, in straight line flight at constant

speed, that are due to miss each other by a small distance m it

(503 V2K (1)
or? v-1 (2)

m

or m
where r, V and O are respectively the range, relative velocity

aﬁd relative vearing of the two aircraft. The practical difficuivies.
of basing a collision warning system on either equation are formid-
gble. If M is 1,000 ft., V is 500 ft./sec. (300 knots) and r is

2

15,000 f5., then T is o0<08 ft./sec.” and O is about 0-002 radians/

sec. The sight line is therefore rotating just a little faster

than tke minute hand of =z watch. Neither a human observer nor a

rader scanner is likely to detect such a movement."

",..then unless our pilot can detect a sight line rotation

c? gbhcut 1° ner second it is immossible for him to make a useful

contribution to avoiding a collision no matter how early the threas

17 Preliminary Draft



is detected.®

", ..time-frequency system which is based on collision
avoidance by vertical manoeuvre in response to telemetered height
date from the other aircraft. Broadly, the object is to make a
laét-minute manoeuvre to miss the threat by a vertical distance of

~e order of 200 ft., so that it is possible to argue that A.T.C.
rules are not infringed by the manoeuvre. An attempt is made to

guerd against the worst-case situation (assumed to be a ¥%g turn

R Thse

G

ty eitker aircraft or a rate climb/descent of 10,000 ft./min.).
The loglc measures relative range and height,; and their first deri-
vatives, for all equipped aircraft in line-of-sight; and computes

for each the ratio of range to velocity, or 'Tau’;..."

"Holt and Andersong give some account of the underlying

theory, but it must be cautioned that there is a shortage of experi-

ressel evidence to Jjustify bthe numerical assumptions. In particular

an altireser could easily meet the present day FAA standards an

fall well outside the limits assumed by Holt and Anderson.”

.
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"It caa be argued that even a moderstely effective colli-

sion avoidance device used in vhils way is well worth while; vThe

cuestion is winether the hazards due to avoidance manceivres in

resoonse to false alarms are themselves as dangerous as the situa-

tions being avoided. Since at a rough estimate there may well be

1,00C fuli-scale alarms pexr collision tais possibility is far from

remote.

"The fundamental difficulty is that in a crowded terminal
area, where the collision risk is greatest, A.T.C. is planning quite
intricate traffic patterns. Even the considerable complexity of
the C.A.S. logic cannot begin ¥o recqgnize these patterns and to
meke o sensible differentiation between 'safe’ and 'unsafe' situa~

tions. A comparable expenditure on electronics to aid A.T.C. rather

<o

than to set up in rivalry night show much better returns.”

There is a growing view that the pllot should maintain a
track thatearoids other aircraft based on a centralized plan affecting
all treffic for some time span into the future, say, 30 to 45 minutes
or even an hour. This is part of the concept of "Broadcast" of
St tegic" Alr Traffic Control. Both VFR and IFR flights are
directly or indirectly controlled. Uncontrolled flights, wherein the
pifééﬁé;gégiﬁﬁghaﬁg rapidly becoming a Thing of the past. A collision
avoidance <~ystem will do 1little more than they have done in the marine

world unless all traffic moves in some form of specified ailspace.

For exez:le, nearly all ships have radars of one form or another,

o -
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however, the marine collision rate has been so bad with radars
cperatving that studies on "Radar-assisted” collisions have been
undertaeken. With much longer merine warning times, etc., there is
vet to e found any universally accepted means of marine collision
evoidence except by some form of central control, such as shore-based
redar end Navaids,

If a uniformly spaced set of universally available coordi-
nates exist, such as LF/VIF coordinates (like Omega), it is likely

thats The aviabtion collision avoidance problem would bve solved by

much simpler neans than now proposed in independent CAS systems,
The cresent unavailability of this uniform9 low—-cost, universally
evelleble set of coordinaces is probably the basic cause for zir
collisions, The so-called ViR "see and be seen" concepts of Iree
Z21zht by aircraft must become a thing of the past as aviation &x-
pands. Another analogy is roads and highways. dJust as rocads “organ-
ized" surfece traffic movements from random cross-field tracks thou-
destinations
sanés of years ago, a similar "air track' to specific desired/at all
codes nust now be provided aviation. Simply put, two motorists
approacainzy each other at high speed on a road cannot avoid each

other based on their observations of the angle or range data (or

eir derivatives) as the values are too small to be useful in time

I>

t
to aveid an auto collision (as the reference above clearly states).
The driver of an automobile knows from common traffic rules that he
must .say on his lane and be centered on it, thus occupying only
n2glf of the road and, thus, he will cvoid collisions with all the
other cacoming vehicles.

Lzne assignment and use by every participant, conforming to

universal rules, requires a common means of forming tracks at low

aYa) ™ 7 4 ™



cost for eil parties to comply. This is another facet of "3Brcadcass
Control," Aviation must ultimately adopt this concept, ovut tae con-

cent requires a navigation and guidance system that will slliow convin-
to be specified by authorities
wous "roads"/in any direction, anywhere, and at any altitude before
the.concept cann be adopted. Redar surveillance is not the entirety
of ATC. Navigetion coordinates must come forth that determine all ATC
procedures. VORTAC with its many deficiencies of interrupted service,
et low altitudes, high pilot workload, end poor "geometrics" consisting
of a vTthousznd randomly located, separate, spherical coordinate systems
not related in eny manner simply won't permit new concepts of Broadcast
Controx to evolve.
Thus, one view is that tgAgvoid collision. between alrcraft,
we éo not need a new independent/system that might result in "radar
agssigted? collisionsy; but to go to the heart of the problea and pro-
vide tniversal, simple lanes and assigned alr tracks that assure
positive separation under all conditions of VEFR or IFR and avoiding the

1

see and be seen" concept @lmost completely)in ATC rules.

(0]

CONCEZTS OF "PROFIMITY CONTROL" CR AIR-TO-AIR SEPARATION TECHNIQUES

The »revious discussion is not to suggest that all problems
are sclved 1if independent tracks are provided in Three dimensions.
Just zs i2 rear end and intersection collisions between automobiles,

-
3

Tne common track separation criteria must also be established. That

i1s To sy, many aircraft will use a common track that mzy be contig-
uous (without frequency change) for short or long distances, even
u» to 3,000 miles across the nation. Such a grid of tracks exist

on a common track
everyvizre. The problem identified here is that two aircraft/at

different velocities may close the spacings between each other so
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‘ ation criteria are violated, simply because the ecircraf’t

s
0
i
G
)
kg
&

canrct see or measure this sevaration between themselves, or perhaps
because centralized ground _.2C is lacking for ozne of several reasons,

-

technical or administrative. The ceatralized ground ATC, with the
three billions of dollars of SSR investmeny, will not change sub-
stentilally for at least 10 ©o 20 years° However, SSR (for ground
surveillence and ATC) operating at = frequency of 1,000 MHz does
sufifer from coverage geps. In dense traffic areas the SSR coverage
is extensive, witn about 700 stations in the United States alone
(and »nerhzps uwltimately that many in Europe).

Thus, two pilots would observe the fact that each is oIro-
ceedlrz according to new ATC rules on the same common track, by an
alr-5c—-z2ir exchange of data. This air-to-air exchange would also
estaciish the assigned altitude, range, and bearing of the aircraft.
Bearizg may be used by sophisticated aircraft to pass a s_ower &ir-
crafs cn a common track, a concept of something quite difiesrenc from
collision avoidance (as previously deccribed). Pilots will nove
parallel zir tracks (Just as in highways sometimes with up to 8

allel lanes, 4 lanes in each direction). This concc.5 of proximity

o]

control Then shifts a major ATC load from the ground controller's
reszon3ibility to the pilot, where it is more commensurate with pilot
resncasibility. The pilet is present where the actual controls exist
to effect these ATC functions of Proximity Control. The pilot can,
vitnous dozens of air-ground complications, follow a track and
schedule with high tolerances and view traffic ahead and behind him
on his common track. This "fore and aft" pilot-to-pilot control

assures the overall requirement that the ATC separation criteria
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(say spacing is of 2 to % miles) is not violated. SSR will overview
the sevaration but not control it.

Several existing systems or techniques will permit this air-
To-air exchange, the_most likely peing the airborme SSR transponder,
since (1) it already exists, (2) it sends out altitvude and identity
coGes sutomebtically and continuvously, and (3) it can be readily re-

ceived by other aircraft with the addition of a receiver and a simple

roccssor. The aircraft using its SSR transponder can now send over

[

£.000 codes for ATC purposes. Such codes are now assured, bub others
are availeble or assignable without any change in the national standazrd

for this three billion dollar system.

A2C EXTRAPOLATION OF SSR AND LF/VIF SIGNALS FOR ATC PURPOSES

It can be argﬁed that at low altitudes, such as the 400-foot
decision altitude (DA) of a non-precision approach, thét ground ATC
(SSR) surveillance cannot be assured across the nation. This is %o
say ‘Shat LF/VIF, not»being restricted by line-of-sight radio trans-
mission, can now be used to create a three-dimensional approach track
to eny runway or strip in the nation. With differential ILF/VLIF dats
acquired simultaneously with barometric data, it is possible ©to
obtain vy existing communications simpie "canned-voice' messages
from a Unicom frequency with an identity acknowledgment to the requester.
A simple technique is suggested in Figure 3 using standardized ele-
menﬁs of our national telephone network. This low density,remote area
gereral aviation concept could offer adequate service to general
aviation at a cost level to meet their needs.

With the new concepts of ATC, where the airlines ma& stay

above 4 to 5 thousand feet until near the terminal, general aviation
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oy use awsivudes between the iover ¢f These "keep then aigh® alti-
tudcc and the minimum altitudes typically of sbout 1,500 feet.

A, e

e have some segregation of traffic. However, climb ccrridors
rusS De cxro3sed occasionally znd some c¢f these are as long as 35
leg, extending from the jetnort to a height of about 14,000 feet.

4 pilcs flying VFR must call ATC to cross these corridors. This type

o]
e

T operation and nzny others effectively requ._: some form of 352
surveillance which Ls only avellable above sbout 1,500 feet on a

1 basis. Considerably less SSR coverege than this exists at,
say, 400 feet. Typically, about 50 Xl range to 200 NM range 1s possible
with well sited SSR stations lanterrogating sircraft above 2,000 feet.
Covercge decrceases to about 20 NM at around 700 feet axd about 20 M
at 200 feet. Although the zbove values are only approximated. varying
in velie zccording to topozgraphy and elevaslion of the SSR interrogator,

rom tre viewpoint of general aviation the values are of great

(2]

n

ignificance.
If, for example, a general aviation aircraft operating at
3,000 feet is being tracked (while it flies on an LF/VLF (R-NAV)
airvey) by SSR ground surveillance, and Ghen starts to cdescend in
altitude, going below the coverage of the national SSR network in
that locality; the path, track aand schedule can still be accurastely
exsrenolated by ATC. Since both SSR and IL7/VLF are in use prior to
the tire of descent, either can be used--VLF of course being preferable.
When the pllot is allowed, say, to cross an airway or
corridor or to let down into a remote elrstrip beyond SSR cover, the

comoined SSR and LF/VIF tracks »rior %o the loss of ATC centralized

grounc Tracking are used by the controller to extrapolate the ne:i

secticn of Ghe flight, that follows «. agreed-upon track, altitude

IR = Das T mI Aty Ta s



cod Gloe profile., Using this Trocedure the pilot is assured tazs Sae
n=3.V {2tz is registered by ard wit: The independent measurements of
tZe B5R; the pilev 1s assured that Lrack speed, wind, neading, etc.,

nawe Deen computed prior to leaving SSXR cover and entering extrapo-

leted L7C mrocedures on LF/VIF coverage. Since the VIF coverage

crmit a2 non~precision anproach into a remote airport without a
contre tower, the SSR ATC deta can be used to assure the pilov that
the extrepolated low altitude track is correctly aligned with runuay
cezserline (arnglie and displacement) and shat the altitude descent

ule will be executed with minimum risk. This is the "differential

Cnexa™ concent introduced as an integral part of ~TC, so that all

ndependently checked »rior o exposure to obstructlons

0]
]
H
O
B
U
fb
3
[
e

on descenv. Non-conflicting airspace, available for another flight,
is reduced in this manner.

Since the 3-dimensional R-NAV position is shown to both
pilot &nd controller alike (video-mep displays for the controlier ard
R-NLV cockpit displays for the »nilot), the two systems can be brought

into registry. Since ILF/VIF is a coantiguous system of coorditates,

it car spen many SSR systems connecting any two SSR surveillance

sysoens together where overlapping coverage is not possiblg;by a

simnle »nilot dead-reckoning when between the two coverage diagrams.
always

It is not/possible, economically or technically, to achieve SSR sur-

veillence, say, to altitudes below about 500 feet surrounding remote

airports. Thus, traffic at about this altitude or lower will go into

and ocut of SSR coverage as seen in Figure 4 , If the aircraft were

at hiz-er zltitudes. the SSR cover is greatly ilmproved, but the

generzl aviation aircraft then may be forced to "mix" with the Lilier
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snest jets cnd be pvossibiy afi.cted Dy weke turbulence, delays, col-
lisica threats,; etc. VORTAC coverages is not contimuous ncor is 8SSR
covercge continuousy, so that the two do not cczplement eacn other very
well Zor this concept of ATC ewtrapolation. In facv, Ghe low altitude
coveraze of SSR and VORTAC are not even coincident, since tiae two
nolar cocrdinate systems (both line~of-sight limited) are not si
at cozmon locatbtions (except in a few rare instances). However, with
contizuous coverage at all altitudes of VLF/LF systems, such as Cmega,
this coordinating or integrating togethecr the coverages of adjacent
SSR sites is readily possible and should be a great asset to ATC.

A controller, knowing the aircraft is goinz into a location
beyond SSR range, can extrapolate and "hend over® the traffic to
> radar and controller while tThe pilot continues on Ttke same
grid wainterrupted since the same grid overlays both SSR sites and

a2ll otker SSR sites. The controller can also, in emergency coznditvions,

pilct his LF/VLF coordinates by correlating the SSR data

03
'.Jc
<
®
C [N
.)

with 3/VIF coordinave data, something ecasily cone with the huzdreds
ol digital processors in operation that convert R-© SSR data to recvi~
linear davta, since the overlay will permit this. That is to say, the

eatial corrections of IF/VIF can be provided by the controller

in
=
)
o)
'3
®

end hils SSR processor since the two systems' accuracy is about equal
on average on a 100 X 100 mile basis. Thus, pilot use of LF/VLF
syscens for Broadcast Control is differentially corrected routinely
(once =za hour) by the total syster, minimizing the need for localized
corrections. For example, Tthe nilot migh®y switch to one of the 4,000
identiSy codes reserved for trarsponders and obtain his differential

Omega ceta sutomatically addressed to him in a Ycanned voice" communi-—

caviorn, .imilar to Figure 3.
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STTO. TRILTSY USING LF/VIF

PR S 2 §

Some proposals for introducing the LF/VLF system concepts
of A0 are based on the "controlled"™ airspace being esteblished oy
VCRZLC coordinates and the VFR's airways for general aviavion belng
Ir/vie systems. The latter create azirways parallel to bul separatved
from tie controlied airways (Reference 9). This concept effectively
uggests that simple "see and be seen|VFR navigation is beconing a
thing of the past. This concept, suggested as a possibility by the
(ro erence 9)
Ab/ offers a first evolutionery step that may be acceptable to many
private and government authorities, so thes a real test of VLF/LF
can e realized. In this manuner, general aviation would not be re-
w0 follow the dense airline airwzys. The user of the snaller
eircralt could be assured of ATC protected, non-conflicting fliznt
notias with respect to the airlines, and the ailrlines can te assured
respect to :
ol ATC orotected,non-conflicting flights with/small, single-pilot,
single-engine aircraft. Most importantly, this concept provides
signel coverage and ATC service ocherwise not avallable to gencral
aviation, ercourages "dispersion® of tralfic rather than "convergence"
Figure 4a illustrates this.
of treific, and typifies the principles of "Broadcast Countrol.”/ This
VFR airwey »lan could ve a three-dimensional concent where the Ttwo
LOP's, horizontal dimensions are created as well as vertical dimen-
sions. The simplicity of pilot VIF usage over VOR usage and the
ceatiguous low altitude cover of VILF, previously descrived, suggests
that with perhaps a 10 percent increase in instructional ti:zs, a
private pilot could be capable of at least avoiding specified arecas,

and perhgps could even fly a "VFR-airway" at the time he receives

his pilot‘s license.
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-VLF COORDINATES IN ARzA ABCUT 50 X 50 MILES
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NCIST (BATTYENT USE OF LF/VIF WAVIC.TTON (VSTOL AND GENERAT, AVIATION)

s ncted previously, the aversge (arsa-wide) accuracy of
ar “"Crege-like'" VIF system is superior to VORTAC and with differenvial
correcticns can pe provided the pillot approaches that are on ranway
cerser_ice, avoiding approaches with up to 30 degrees of divergence
and evoidirng positional errors from remote off-szirnort VORTAC's. Or

converzely, one cen argue VIF wiil «void the addition of about one o

A

) -

GO Tacasand more VOR and VORTIC's bo give a 400=1 1M service Tc all
of he thousands of generel aviation ailrports that now need such ser-
vice z2d ellew for sxpansion of zew alir ports based on the approval
of a VIF noa-precision apdroach.

in zeny cases these small airoorts are already located in or
cear residenvigl conmunities where noise from even ligat, single-
engine aircraft rust be consicered an snnoyance because of the gene-

!,

TO

w

rally low cmbieant noise level., Furthermore, if STOL or VSTOL 2

be toicnr to "where the puvlic is? at many locations away from Tas

nejor Jirperts (- many experis feel bDoth aspects are essential to STOL
Vse \J;I:S

or/ vechnlcal success and public accenbtance); then a means for con-

figuring nolse ebatement avnprosciess to all runways at all airmorts

muss ce considered. A generaliized solution applicable to any zad all

ceses —ust ve sought and not z "customized"” noise abatement procedure
for each rurvwey and each community that involves special electronic

ids, such as localized ILS, VOR, VORL.C, etc., as these aids are far

)

too costly for each airnort to cover, for example, the four approaches
to a cross-wind STOLport.

Tyonical steep angle aporoaches are in the rangs of gbhout
4 degrees to about 14 degrees for ST0L, _[cneral aviati on, and heli-

following
copter eircraft. The ftable gives verious ratios of height vs
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~:10, 1:15, esc., and the corres—

>,
pondiny glide »nath angle to the nearess tenth degree.

GLIDE SLOY:Z DEGRTES GLIDE ST.OPE DEGREES GLTDE SICPE DEGREES

122 2.6 1 : 16 3.6 1 : 10 5.7
i 20 2.9 1: 15 3.8 1 : 9 5.3
1 : 19 5.0 1 14 L.1 1: 8 7.1
i3 .8 3.2 I ¢ 13 4.4 1 7 8.1
0 I 3.4 1 12 4,8 l1: 6 9.4
1 1 5.2 1 : 5 11.1

1 : 4 14,0

The &ieve Tabvle has the cornvenience that one can easily relate the

reighv of thre eircraft zlong the descent path using simple fractions.
4o

th vvhen 7 WM from the threshold. When the ailrcraft hras then

cezcended to a height of, say, 1,000 feet, then the aircraft is 7,000

fset Srom the threshold, and finally, when at, say, a 400/1 Di (Ceci-
lon elvitude) condition, the aircraft is 7 X 400 or 2,800 feet from

s -

¢sncld. Irthermore, when exanining the piloting aspects oI
stecn ang_s gpproaches, past experience shows that much "selling®
cr convincing of pilots on the real merits and risks is essentia

Cne mevser of concern to »Dilots is the complexitly of mentally ccaput-

ing cnzles, distances, heights, edc. A simple instrument as the one
illustrated in Figure O would suffice as the table would be an

adjustzent the pilot makes when he selects tiae steepness of the angle.
He coes this based on his own ebility, skills and the prevailing noise
soateaent requirements. Tnis simplified, low-cost display illustrates
She dircet "raw" type dava that can be utilized by the pilot of s

siow alrcraft, btypical of general aviaticn. The pilot compares the

ltimeter reading at 4 or 5 polints while on the apvrowch

o’
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HEIS VERTICAL NEEDLE MOVES RIGET AND LEFT
ACTIVATID BY THE AIRCRAFT POSITIQN RELAYTIVE

-3

TO LOP'S SUCH AS B,C,D,Z ETC.
_7 RETAINS A MUTUALLY PERPENDICULAR RELRTIONSHIP
WITH THE HORIZONTAL NEEDLE

TZIS HORIZONTAL NEEDLE MOVES

w15 (SCALE BETWEEN THE ALT. AND . /ERTICALLY SHOWING CHANGE TN
: ' - ™ [sakagn! I 7 L "
COURSS AND RANGE DISPLAY JISTANCE TO THE THRESHOLD OF
FI T TIO; v
TS USZD TO "CUE" THE PILOT FIG___ . [IT IS POSITIONED BY
i
i ™ mmt B, 1
OF HTS ALTITUDE FOR THE | THE AIRCRAFT'S RELATIONSHIP WIT}
CHOSEY GLIDE PATH(L/12+4.8°) | LOP'S 1 thru 6. A DME TYPE INDICATION

TYPICALLY THE PILOT IS AT
ABQUT 2500 FT.

HE IS SLIGHTLY TO THE RIGHT
Or THE EXTENDED CENTERLINE

S ABOUT 5 MILES FROM THRESHOLD

jas]
t=
-

URNING THE KNOB OF THE SCALE
OTHER ANGLES ARE REPRESENTED({Z.8 IS SHOWN)

LOW COST PILOT INSTRUMENTATICN FOR NON PRECIS ION
APPROACHES USING VLF NA77C¢ TION COORDINATES.
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. N1

eccording to the location of the VIF “distance to go" nsedle. These
ere alzittedly old Iastrumenvavic. technigues; one radio aitimeter
indicasor nas a scale vhat chi:ges Zor different ranges that could
be e&slily modified for such a displey. Similerly, several DME indi-
casors use never movements thet do the came vhing.

a smell cirport in its agreement with suthorities wo keep
roise down end to prevent flying low over adjacent nouses would operate
Derhess abt some angle typical, say, of a light aircraft of about 7 Go
8 Gegrees., The important point is Tthat this would bes consistently
adnered to at all tizes and, furthefmore9 would "visually train® the
pilos vwho has only limited IFR expericnce so that each time he flew
on tale Type of a steep angie disvley, ne could judge his owa zoility.
When r2 is IFR)flying non-visuslly to a decision altitude (DA) of,

say, 400 feet, his first sigat of The ground will not be a shoci

exd £z can ve aware of the new visual cues to be expected.

WUTDIZTE VS . SINGLE SEGMENT NOISE ABATEMENT APPROACH

Tre simple, single segment zpproach for general aviation ATC not

oaly will »rev.nat pilot errors in long:itudinaliy estimating a Srack

o the runsey (such as localizer-"only" or VOR-leg "only"), but could

cr

be uscl in community noise control programs to assure the ccmmunity
that certain angles were ovelng adhered to. This method of communicat-
ing wilth the opponents of aviaticn snould prove helpful., ZEach of

four eporroacihnes to a cross-wind runway airport could have a separate

angle, diccated by the location of houses, obstructions, etc.; the

®

point being that the lower angies cre used on 1 or 2 approacihes, and
igher angles are used on the others, thus giving flexibility.

O

In the cases of STOL aircrafv, we will expecs larger alrcraft
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initiolly, »robebly between the size of the McDonald sougias 108

(French/Brezuit STOL) and trhzDeleaviland Twin-Obter. The noise levels

snd perviculerly in any jet-type (non-nrop) STOL will require

@
H
©
;

aches to (1) reduce noise considerably on the one

n
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jeh)
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head, znd (2) yet give the »ilot of this lorger aircrait a shellower

zlec 22ar Gtouchdovn., Typically, segmented epproaches migh?t be &

7-degree vatn into a 3=degree patvh, tae transition teking place above
or 700 .

sude of 500/feet to assure the lower sink rete is reached

.

well veicre any 200 or 300 foot elbtituds 1limit is reached. In This

3

coordinates must be cGlspieyed with a mcdified scaie for
the STC5L »ilot. Here we deal with a more sophisticated pilot with
I7R training and experience., More instrurment cues wil. be neeced and

accensaoie as well as more sophlisticated flight instruments, perhaps

<

even izcluding a curved azimuthal approach prior to the sszznernted

descerns, -+zure © illustrates a "segnented" noise abatement, ViF approach.

17 820L gircraft are to serve mony small airports and draw whe
treffic fron the major jetporits, thus alleviating the many botitlenecks

approach be possible to

o}
1]

it Ls essential that vals typc
nernens 400-1 NM or 300-% NM whersver STOL is needed without a sepa-
rate IS Insballation at each site., Most STOL serviée to be of public
vaiue DusT De avle to operate in crogss winds so that four approaches
nﬁst be considered for regularity and safety of public service., Again,

e wide-crees navigation system, such as IF/VIF, can provide this capa-
city to the STOL service at low cost. All (&) spproaches can be pro-
vided with segmented nolse abatemsnt guidence for perhaps 10 nercent
tional ceost of any other %400-1"solubticn to sezmented apnroaches.
When, say, 100-% visibility operation is justiiied (afier traffic and

pudblic demand builds up for STOL), a separate costly ILS for omne or
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DTFFERENTIAL REFERENCE PCINT JUST INS:iLz RUNWAY THXESHOLD
02°S A THRU G ARE ON CENTZRLINE LOP OF VLF SYSTEM (COMPUTED)

- SPACE POSITION OF SEGMENT A DETERMINED BY COORDINATES OF
ALTITUDE AND LOPC A-A; @ B-Ay 2 C - Az ETC.)

SACE P0STION OF SEEYZAT B DETERWINED BY COORDINATES OF
LTITUDE AND LOP ( D-A, : E-Ag . F-Ag anp G -Az=TOUCHDOWN )

SEGMENTES STEEP ANGLE APPROACH FCR NOISE ABATEXZNT
USING VLF COORDINATES

FiG 0
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two «pohroaches is then justifigdle. Differential LF-VIF, with a steady
stave ranrey alignment and constet speed approach, should give about
1-20C0 feet disversion at the 400-foob decision altitude (DA), some-
thing sgual Go or better than a VOR approach or even an Areca Nav
*VORmDME comouter) approach wihere the average distance to the nearest

onsidered (up to about 6 or 7 miles).

7
O
;
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n
el

SECMENTED STOL ATPROACHES USING DUAL GPIR's AND IF/VIF COORDINATES

n order Go finally specify = segmented approach in a gquaatitative
canner using LF/VIF guidence coordinates (like Omega), it is best to

consider two glide paths, each with a Glide Path Intercept Point (GPIP).

is iilustrated in Figures 7 and 8. Depending upon the

ct

Thisg coacept
flighy characteristics of the specific aircraft, steepness of angle,
height over community, etc., glide path angle No. 1 is selzctec, as
is ivs GPZ2. This is the initial steep angle that, through the com-
binzsicn of added height and lower power settings, can provide from

1z 5o .8 db noise reduction, according to some experts. rfrom several

Zlighs reseerch programs at NASA, it has been Learned where the
gseen peth (say 6 degrees) should intersect the shallow path (Fo. 2)

iz heilznt znd distance from the touchlown. This data epplies only to
% tested
ific/and its applicedility vo a widely divergent spectrum

of aircrafs is unknowm.

Tris 1s likely to vary considerably for different types of air

vehicles, however, since we are ilndependeant of actual electronic units
sited on The ground at specific points, such as GPIP No. 1 and GPIP
ﬁlgure 8
No. 2,/we are free to configure _uything desired in the wey of the

geometrics of segmented epproaches.

We can program into cach tyme of aircraft its best GPIP-angle
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cass. Perotzas & or 5 Ycanned" conproacines would be evailable

to the
DL1ICT Oy Dush-button selection, any orne program suitable to nls
gpecilic aircraft. Where the cbitrucliions, noise abatement ncads,

etc., migat dictate, say, an 8-degree znzgle for vertical path No. 1

(%
Q
)
)
(@)
H

znd a fd-Gegres engle for vertical path No. 2, this as a choi
toas approacnh vo that specific ruaway; & subsequernt, less demancing
locesica mey sllow, say, a S5-degree path trensitioning intc a r-degree
path for the roxbt specific approzch o a specific runway. The optimum
4 or 5 oI sucn combinations would be dre-programmed and immecdiavely
availc>le o e STOL pilot.

2 Gae orogramming, the steep anzgle must be referenccd to GPLI-

he shallow angle referenced to (originating from) GPL=

c‘l'

(No. 1) &nd -

B

No. 2 (Figure 8 ). In essence two glide paths are comsidersd sepa-—

-

n the selection of angle and GZIP origins; all cocrdinates

retely i
ars in serms of the two LOP's of the differential IF/VIF coordinates
end civitude, However, the two vertical paths have an "intercept-

point® in space that is elso defined three~dimensionsily in IF/VIFE
(Figure 7)

coordinates./ Since the surface VIF signals are the szme &s signals
erticalily above vhem, the VLF coordinstes can be cach established

with a given altitude reference in the segmented approach concept.

“zure 8 defines some proposed terminology for the segmented

epproecih,  Although there may appear to ve an infinite veariety of

combinavions of the two angles, three longitudinal points, altitudes,

etc., a specific aircraft will probably fiad & range of combinaticns

suitetle for most of its many landing enviromment factors (noise,
obstecles, rurway length, power, sneed, Cisplays, etc.).

Zowever, btaken as a who.e znational »ruzram for zolse abatenesny,

veriebions in eircraft Types; spproach speeds, noise criteria, cte.,

FAR Prelir"nary 222f%



a1l Zc3sible combinatbions must be considered to accommodate toe
niloving =nd community objectives in eacch application of the seg-

manSed epproach. Taus, one tyve of alrcraft mignht be limited to

ed soproachkes; however, anovher aircraft,

ct

segme

oy
8
@
<y
@)
l,.!.
o
0]
u
e
Hy

n
fering flight characteristics, might have three Gif-

feren’s cholces, yeu each set of thres gpproacines (six totel) comoine

vo mest the pilot-regulatory objcctives. This fliexibility of VLF is
shovwn in Figure 9.
Agein 1t is emphasized Tthat 1f the community, FAA, and DCD

Tforc a ‘“customized" siees-cngle, segmented apprecacn sysToil

for a runvwey, probably a microwave systcn derived frcn the national

MLS prozre., then much lower ceiliings could be authorized thas

Y

-

"400-1" or "300-%." However, dus to the cost and technical 1izica-

tions c¢i currenc VHE-ILS, this systen may not be widely applicadlic

ot

o

to nolse avabement in the interim, nor would VAF-ILS be a:iniie
excens o0 Lhe most significanv locabtlons.
Tne VLF/LF segmented ajproach is a technical possibility t©

sheold be quickly examined and btested as the availability of VIF/LF

sigrars at all STOLports and all general aviation airports is ll.iely

(3

‘to ceccur well before the more sovhisticated microwave landing systven
is exseasively implemented. Omega is fully operational in 1975,
offering vnis universal service. MLS is operational about 1980,
rLth resnect to widespread STOL instaellations even though limited
Znstallations nay recur &s early as .977. In the future the two
{(VIP-¥icrcwave) can be complemsntary; one providing say "CAT II"
Landinyg capacity to STOL service, and the otlzer (VILF) a "400-1" or
"300-74" capnecity tq STOL. 4 given STOL roubte structure thet may

ezshasize 2izh density and low density areas (a typical operational

gozl o SUCL) can readily use th. coxmbination of the two.
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